Wikipedia (such as whether it is an accurate source), but due to the unique collaborative processes on Wikipedia these two areas are deeply intertwined.
Introduction
Wikipedia (<http://www.wikipedia.org >) is an online, free-content international and multilingual encyclopedia, operated by the Wikimedia Foundation (http://wikimediafoundation.org ). The site is collaboratively produced by volunteers, and is based on wiki software, which allows contributions from anyone with a web browser and internet access. Contributors may be anonymous, and nearly every page of the site is editable. Wikipedia has experienced massive growth since its inception in 2001, becoming one of the world's largest reference works, with over a million articles in the English language Wikipedia alone. The contributors represent one of the world's most diverse online communities, with projects established in over two hundred languages 1 .
Because of these factors, the site provides a unique view into the processes of collaborative work, demonstrating how people brought together with a common goal can produce meaningful results, develop community guidelines and policy, and resolve differences. Wikipedia is also unique as a project in producing "encyclopedic" content with no top-down editorial control or mandatory peer review processes. This raises questions and concerns about the accuracy, validity and scope of the site's content. These questions seem to have not impacted the high use of Wikipedia, however, which as of May 2006 was ranked as one of the top twenty websites in the world by use 2 .
Wikipedia thus offers multiple opportunities for interesting research projects. To date, there has been no review of the research that is taking place on and about Wikipedia, and indeed there have been few scholarly studies of the site, despite its growing importance and inherent interest 3 . While there has been much commentary about
Wikipedia in the popular and scholarly press alike, there has been little attempt to systematically examine the site. Several master's theses and PhD dissertations are underway, but there is little published work 4 . In part, this may be due to the newness of the site, and in part to the difficulties of studying Wikipedia -studying anonymous, open, rapidly changing wikis present unique challenges to the Internet researcher.
This paper is a review of social science and information science research studies done on and about Wikipedia. While there's a larger literature of studies done on wikis in general, this review focuses exclusively on scholarly studies that are primarily about or based on Wikipedia. This paper also outlines research questions that have been raised to date and suggests future directions. It is hoped that examining research endeavors undertaken so far and particularly focusing on study methods and methodologies will help inform future research on the users, communities, content and technical infrastructure of Wikipedia.
This review is necessarily incomplete; there are a number of studies that mention Wikipedia as a case study that are not included which may be valuable for understanding the site. There is also a rich literature in German and other languages 5 , 6 that has not been fully addressed. This study also does not address the technical aspects of the site (such as the scalability of the site or the possibility of adding a semantic data structure to MediaWiki), some of which are being researched and many of which are worthy of further study (see Völkel et al. 2006 However, the technical features of MediaWiki (the software that runs Wikipedia), and the social and community structure of Wikipedia also provide opportunities for the researcher. In particular, the availability of complete edit histories for articles, logs of administrative actions such as deletions and protections, database dumps of changes made to the site, discussion pages and user pages, and extensive archived mailing lists all provide rich data sources for research. Understanding the information that each of these sources of data is able to provide, and how they combine to provide a complete picture of how Wikipedia works, is a major challenge for the prospective Wikipedia researcher. Additionally, recognizing that no one source of data is likely to give a truly accurate picture of community or content-for instance, the people who heavily participate on mailing lists may not be the same people who participate in other areas of the site -is key. In the review that follows, studies are organized first by whether they primarily focused on Wikipedia content or community, and then by what aspect of the site they primarily studied (e.g., talk pages, article histories, mailing lists, etc.). Table 1 gives an overview of these areas of the site, a brief description, and whether the study done was primarily qualitative or primarily quantitative. 
User pages
Personal pages intended for description of an individual contributor, in the form of wikipedia.org/wiki/user:username. Available on registration of username.
Voss (2005) Ma ( 
Contributor edit history
The history of all edits made by any registered user name or "anonymous" IP address is available.
Anthony et al. (2005)

Citations of WP articles
Wikipedia articles may be cited in the popular or scholarly press (or other, eg. legal cases) and for various reasons.
Lih ( 
Researching Wikipedia content
Examining the dynamics of article creation and growth, particularly through article histories, has proved a particularly fruitful way to study site content and its change over time. Article histories are a record of every change that has been made to the site, and include authorship information (either a registered username or an "anonymous" IP address); date and time of the change, a link to the saved version that includes the change, a link to the differences between the saved version and the one previous to it, as well as to the current version; and an author's (optional) summary of their changes.
Examining the article history is also one possible way to examine article quality. Lih, in a 2004 study, developed quantitative metrics for developing a "reputation" benchmark of articles based on the number of edits (rigor) and number of contributors to each article (diversity), assuming that more rigor and diversity means higher quality articles. He used this benchmark to analyze the reputation of Wikipedia articles that were cited by the press, before and after they were cited. He found that press citation often led to increased editing (and thus presumably higher quality). Viégas et al (2004) whether it stabilizes, and to determine how the community functions. They find that vandalism (which they find five types of) to articles is quickly removed, that there is large variation between articles in the number of anonymous edits they receive, and that there is no clear link between anonymous editors and vandalism. They also find that page size does not stabilize over time for most articles, a pattern that has implications for both the content accuracy and community dynamics of Wikipedia.
Whether the actual content of articles is accurate and verifiable is also a question of much concern. Content may also be examined in terms of writing style and formality, and whether it is factually accurate and complete. Giles (2005) , in a comparative analysis of Wikipedia and Encyclopaedia Britannica published in Nature magazine, used expert reviewers to review a selection of fifty articles on science topics, and compared the number of errors that were found in each to produce a comparison of the two encyclopedias. He found that while Wikipedia articles suffered from poor writing, their rate of error was comparable to Britannica's. Emigh and Herring (2004) of anonymous user edits, and age of the article. They then used factor analysis to get seven information quality metrics: authority/reputation, completeness, complexity, informativeness, consistency, currency and volitility. They analyzed article content in terms of these factors, using Featured Article measurements as benchmarks for quality. Through statistical analysis, they find that these benchmarks are useful for discriminating high-quality articles, thus possibly providing an automatic way to detect high-quality content.
Content may also be examined in terms of scope -whether Wikipedia adequately covers a given topic or domain. There has long been concern over Wikipedia's scope in traditional 'scholarly' topics, though it is generally recognized as having very good coverage of other types of topics, such as popular culture or computer topics. defining similarity as whether two categories were used in the same article or not, and map similar categories using a visualization tool, showing that similar categories occur as logical clusters. They also map the last edit time of categories and the top ten authors, finding that categories are mostly kept current.
The discussion pages of articles also provide a framework for understanding both collaborative processes and how the content of an article develops. Stvilia et al. (2005b) qualitatively analyze the information quality (IQ) of Wikipedia articles and the processes and discussions that by which quality is developed in articles. 
Researching the Wikipedia community
Two studies examine conflict resolution and decision making processes on Wikipedia by examining mailing list communications and the discussion pages of articles. Reagle One technique for finding out the motivations of contributors and what they think of the site is to directly ask them. Bryant, Forte and Bruckman (2005) use participant interviews to qualitatively characterize the changing participation of contributors to the site from a "novice" level to an "expert" level. They interview nine established and active contributors, recruited on Wikipedia, to determine how contributors began participating in the site and how their participation and how they see themselves as contributors changed over time. The paper uses two social theories, activity theory and legitimate peripheral participation, to contextualize their findings that contributors begin by editing limited subjects and pages, and slowly turn into contributors who take responsibility for different areas of the site's operation beyond simply editing articles.
Broadly surveying contributors in order to find out their motivations is also a technique that has been proposed. One such survey was done by Schroer and Hertel (2005) , who
have not yet published their results. A similar study has been proposed on the Meta Wikimedia 11 site but not yet implemented. There have been several informal onwiki surveys to determine contributor demographics, such as an effort to plot the ages of contributors on the German Wikipedia 12 , but these are typically undertaken without efforts to produce a statistically valid sample.
Additionally, users on Wikipedia may choose to provide publicly available information about themselves on their "user page." These pages may state personal demographics, interests, or beliefs, as relavant to participant's activities on or off the wiki. While user pages are widely used, and their content has been the subject of much debate on Wikipedia, they have been relatively understudied. Cathy Ma (2005) qualitatively analyzed 100 random user pages on a 24-construct scale in order to determine what information is disclosed by those who contribute to Wikipedia, and determine whether disclosure was related to the number of edits a contributor made, finding that there are key disclosure variables that do link to a contributor's overall participation. Voss (2005) compared the ratio of user pages to user talk pages across different language Wikipedias, finding that this ratio varied by language (the Japanese, for instance, seem to have more user talk pages than user pages).
Another avenue is quantitatively studying contributor data, which is available in the form of edit logs for each registered username or unregistered IP address -that is, every change that a username or IP makes is available in an edit history. Voss (2005) studies the distribution of distinct articles edited per author in the German Wikipedia, finding that a third has only ever contributed to one article. Similarly, a recent unpublished study 13 sampled edits from the English Wikipedia since 2002, and then looked at the date of account creation for each of the contributors associated with these edits, tentatively finding that more than 25% of all edits were done by accounts that had been registered less than 100 days, an indication that new users play a large role in the site's content 14 . Stvilia et al (2005a) determined that for their pool of 834 randomly chosen articles, 6%
of the editor pool did 24% of the edits, while for Featured Articles the ratio is even lower -2% did 21% of the edits.
There is also an ongoing debate about the value of "anonymous" contributions versus registered user contributions. Anecdotally, anonymous users are often responsible for vandalism on the site. Anthony et al (2005) , in an unpublished study, use statistical analysis of the percentage of an individual contributor's edit retained between versions of an article as a measure of "quality" of a particular contributor's contributions. Using this difference measure, they measured the quality of 7083 anonymous and registered contributors to the French and Dutch language Wikipedias, and then compared anonymous to registered accounts. They found that while registered contributors have a higher level of quality edits than anonymous contributors at a high level of total edits (>5), surprisingly, anonymous contributors have a higher level of quality edits than registered users at a low number of total edits (<4).
Future research
Research on wikis and on Wikipedia in particular is still in its infancy. While there are a number of proposed studies in process and underway, there are still a number of There are also a variety of other possible data sources from Wikipedia that could be used and analyzed besides the ones mentioned here, including community and "help" or question-answering pages; project pages (collective efforts to work on a particular task or topic area within Wikipedia are often broken out into projects); the links and linking patterns between articles; and administrative logs (such as protection or deletion logs).
Additionally, the data sources that are analyzed in the studies reviewed here, such as edit histories, site growth logs, and article content, are extremely rich and would benefit from further study.
Summary and conclusions
Wikipedia, the free online encyclopedia, offers extraordinary opportunities for research into collaborative work processes, the motivations of those participating in open-source and free-content projects, and the quality of user-generated encyclopedic content.
Despite enormous and rapid growth since the site's inception in 2001, and the growing importance of Wikipedia as a reference source and internet phenomenon, there have been few published scholarly studies of the site. Research questions that have been addressed focus on two distinct areas, the content of the site and the Wikipedia community. However, due to Wikipedia's collaborative work processes, these areas are deeply entwined and affect each other in ways that may be unique to the site. This paper reviews and analyzes 18 recent studies focusing on Wikipedia in terms of their methods, the data source that they used, and their findings.
Several studies that study Wikipedia content attempt to develop metrics for measuring the quality of content and the factors that produce high-quality content. In particular, more editing of an article, perhaps driven by more traffic to that article (Lih 2004; Brändle 2005) seems to result in higher-quality articles. However, while it is possible to determine the quality of Wikipedia articles (Emigh and Herring 2004 , Brändle 2005 , Giles 2005 , Stvilia et al 2005b , the other factors that drive quality are less easily explicated. Studies of contributors to Wikipedia affirm that, while as with other open-source software projects, a few people contribute to many articles while many people contribute to just a few (Voss 2005 , Stvilia et al. 2005a , drawing conclusions about the value of anonymous and 'newbie' contributions may be misleading (Anthony 2005) .
These studies cover a great deal of ground in terms of what area of the site they chose to investigate and the methods that they use; however, there is much other research that could be done. Only a few of these studies explicitly acknowledge the complex interactions that occur between Wikipedia community and content as articles develop.
Despite having a cohesive mission (to create free encyclopedic content) and having a number of shared community values that are often expressed in policies (such as NPOV), the individuals that contribute to Wikipedia represent an extremely diverse (linguistically and culturally) community, which is rarely acknowledged in these studies. Voss (2005) 
